
M A J O R  A R T I C L E

Clinical Infectious Diseases

1218  •  CID  2019:69  (1 October)  •  Self et al

 

Received 11 September 2018; editorial decision 24 November 2018; accepted 5 December 
2018; published online December 17, 2018.

Correspondence: W. H. Self, Vanderbilt University Medical Center, 1313 21st Avenue South, 
312 Oxford House, Nashville, TN 37232 (wesley.self@vanderbilt.edu).

Clinical Infectious Diseases®    2019;69(7):1218–25
© The Author(s) 2018. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciy1049

Low Admission Plasma Gelsolin Concentrations Identify 
Community-acquired Pneumonia Patients at High Risk for 
Severe Outcomes
Wesley H. Self,1 Richard G. Wunderink,2 Mark J. DiNubile,3 Thomas P. Stossel,3 Susan L. Levinson,3 Derek J. Williams,4 Evan J. Anderson,5  
Anna M. Bramley,6 Seema Jain,6 Kathryn M. Edwards,4 and Carlos G. Grijalva7 
1Department of Emergency Medicine, Vanderbilt University Medical Center, Nashville, Tennessee; 2Department of Medicine, Northwestern University Feinberg School of Medicine, Chicago, Illinois; 
3BioAegis Therapeutics, North Brunswick, New Jersey; 4Department of Pediatrics, Vanderbilt University Medical Center, Nashville, Tennessee; 5Department of Medicine, Emory University School of 
Medicine, and 6Centers for Disease Control and Prevention, Atlanta, Georgia; and 7Department of Health Policy, Vanderbilt University Medical Center, Nashville, Tennessee

Background.  Plasma gelsolin (pGSN) is an abundant circulating protein that neutralizes actin exposed by damaged cells, mod-
ulates inflammatory responses, and enhances alveolar macrophage antimicrobial activity. We investigated whether adults with low 
pGSN at hospital admission for community-acquired pneumonia (CAP) were at high risk for severe outcomes.

Methods.  Admission pGSN concentrations in 455 adults hospitalized with CAP were measured using enzyme-linked immu-
nosorbent assay. Patients were grouped into the following 4 hierarchical, mutually exclusive categories based on maximum clinical 
severity experienced during their hospitalization: general floor care without intensive care unit (ICU) admission, invasive respiratory 
or vasopressor support (IRVS), or death; ICU care without IRVS or death; IRVS without death; or death. Admission pGSN concen-
trations were compared across these discrete outcome categories. Additionally, outcomes among patients in the lowest quartile of 
pGSN concentration were compared to those in the upper 3 quartiles.

Results.  Overall, median (interquartile range) pGSN concentration was 38.1 (32.1, 45.7) μg/mL. Patients with more severe out-
comes had lower pGSN concentrations (P = .0001); median values were 40.3 μg/mL for floor patients, 36.7 μg/mL for ICU patients, 
36.5 μg/mL for patients receiving IRVS, and 25.7 μg/mL for patients who died. Compared to patients with higher pGSN concentra-
tions, patients in the lowest quartile (pGSN ≤ 32.1 μg/mL) more often required IRVS (21.2% vs 11.7%, P = .0114) and died (8.8% vs 
0.9%, P < .0001).

Conclusions.  Among adults hospitalized with CAP, lower pGSN concentrations were associated with more severe clinical out-
comes. Future studies are planned to investigate possible therapeutic benefits of recombinant human pGSN in this population.
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Community-acquired pneumonia (CAP) commonly results in 
hospitalization and remains a leading cause of morbidity and 
mortality worldwide [1, 2]. Patients with pneumonia are at risk 
for death despite optimal antibiotics and supportive care [1–4]. 
Pathogens that cause pneumonia are frequently unknown even 
after extensive etiologic testing [3]. Furthermore, develop-
ment of antibiotic resistance among CAP pathogens continues 
to be a concern [5]. Therefore, the development of adjunctive 
host-based antiinflammatory therapies to bolster antimicrobial 
treatment of pneumonia has emerged as a high priority [6].

Plasma gelsolin (pGSN) is an abundant circulating protein 
that functions as a regulatory component of the innate immune 

system [7, 8]. In addition to binding and severing actin fila-
ments leaked from damaged tissues [9–14], pGSN complexes 
with proinflammatory lipid and peptide mediators with high 
affinity and enhances bacterial uptake and killing by resi-
dent macrophages [13–17]. Prior studies suggest pGSN also 
inactivates bacterial products (eg, bacterial endotoxin), while 
enhancing the actions of endogenous antibacterial peptides (eg, 
LL-37) and certain cationic antibiotics (eg, aminoglycosides) 
[18–21]. During inflammation and cellular injury, the concen-
tration of circulating pGSN drops as it binds to actin locally at 
the site of injury [7, 11, 22–34]. Greater depletion of pGSN in 
the circulation is associated with increased risk of mortality and 
other severe complications in several systemic inflammatory ill-
nesses [7, 11, 22–35]. Therefore, pGSN is an attractive candidate 
for development as a therapeutic antiinflammatory agent for se-
rious infections [8]. In animal models, pGSN has demonstrated 
potential therapeutic benefit [14, 36, 37]. Clinical trials to eval-
uate recombinant human pGSN as adjunctive therapy in severe 
infections are being planned.
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Our objective in this study was to investigate the association 
of pGSN depletion with severe short-term clinical outcomes in 
a well-characterized cohort of adults hospitalized with CAP to 
inform the conduct of future pGSN trials. Specifically, we deter-
mined whether patients who present with low circulating pGSN 
concentrations were at high risk for death, septic shock, and res-
piratory failure when treated with standard current therapy in 
order to understand if pGSN depletion identified a high-risk 
CAP population that may potentially benefit from exogenous 
pGSN supplementation.

METHODS

This observational study was nested within the Centers for 
Disease Control and Prevention (CDC) Etiology of Pneumonia 
in the Community (EPIC) study, a prospective, multicenter, 
active surveillance study of adults hospitalized with CAP 
recruited from January 2010 through June 2012 [3]. Institutional 
review boards at each participating hospital and the CDC 
approved the study. Written informed consent was obtained 
from each participant or authorized representative.

Study Population

The EPIC study cohort has been previously described [3]. In 
brief, patients hospitalized with CAP were enrolled at 5 hos-
pitals, including 2 in Nashville, Tennessee, and 3 in Chicago, 
Illinois. Adults (aged ≥ 18  years) were eligible if they were 
admitted to a study hospital, resided in the study catchment 
area, exhibited clinical evidence of an acute respiratory infec-
tion, and had radiographic evidence of pneumonia. Patients 
with any of the following criteria were excluded: recent hospital-
ization (<28 days for immunocompetent patients and <90 days 
for immunosuppressed patients), nursing home resident not 
functionally independent, tracheotomy, gastrostomy, cystic 
fibrosis, cancer with neutropenia, solid organ or hematopoietic 
stem-cell transplant within the previous 90 days, active graft-
versus-host disease, bronchiolitis obliterans, or human immu-
nodeficiency virus infection with a CD4 cell count <200 mm3. 
Patients were treated according to usual care by clinical teams 
independent of the study protocol.

Plasma was collected from enrolled patients at the time of 
hospital admission and stored at –80°C. The population for the 
current study consisted of all adult patients enrolled in the EPIC 
study who had a sufficient volume (≥50 μL) of banked plasma to 
measure pGSN concentrations after completion of the primary 
laboratory tests for the EPIC study.

pGSN Measurements

Frozen plasma specimens were shipped from enrolling hospi-
tals to a central laboratory for pGSN measurement by BioAegis 
Therapeutics, Inc (North Brunswick, NJ) using a proprietary 
enzyme-link immunosorbent assay (ELISA). Laboratory 
personnel who performed the assay were blinded to clinical 

outcomes. The pGSN results were not available for patient 
management.

A rabbit polyclonal antibody developed against 16 amino 
acids specific to the N-terminus of human pGSN was uti-
lized as the capture antibody for pGSN in plasma specimens 
and a recombinant human pGSN standard. Bound gelsolin 
was detected with a commercially available anti-gelsolin anti-
body (Sigma clone 2C4) followed by horseradish peroxidase 
(HRP)-conjugated anti-mouse immunoglobulin G (IgG). After 
a 1-hour incubation, the ELISA plate was washed to remove 
unbound material. The amount of bound HRP-conjugated anti-
mouse IgG antibody (Jackson Immunoresearch Laboratories) 
was detected by addition of tetramethylbenzidine. The opti-
cal density of the resultant color was directly proportional to 
the amount of gelsolin in the initial specimen determined by 
a standard curve constructed with rhu-pGSN reference stan-
dards as well as a plasma standard with a known amount of 
endogenous pGSN.

The lower limit of pGSN detection by this ELISA was approx-
imately 10 μg/mL, with a dynamic linear range up to approxi-
mately 100 μg/mL. In addition to testing pneumonia patients 
enrolled in this study, pGSN concentration was also measured 
using the same method in plasma samples from 20 healthy adult 
humans (normal single donor human plasma samples pur-
chased from Innovative Research). Median pGSN concentra-
tion in these control samples from healthy adults was 56.8 μg/
mL (interquartile range [IQR], 52.6–65.4 μg/mL).

Pathogen Testing

As previously described [3] and detailed in the Supplementary 
Materials, each enrolled patient underwent systematic patho-
gen testing per study protocol. For the current analysis, patients 
were classified into the following 3 mutually exclusive cate-
gories based on results of pathogen testing: only viral patho-
gens detected, bacterial pathogens (including those with viral 
codetections, mycobacteria, or Pneumocystis) detected, and no 
pathogen detected.

Outcomes

EPIC study personnel at each of the 5 enrolling sites conducted 
standardized patient interviews and medical record reviews to col-
lect demographic and clinical data. Pneumonia severity at hospital 
admission was assessed using the Pneumonia Severity Index [38].

Clinical outcomes included intensive care unit (ICU) care, 
invasive respiratory or vasopressor support (IRVS), and in-hos-
pital death. ICU care was defined as treatment in an ICU at any 
time during the index hospitalization for CAP, including both 
patients initially admitted to an ICU and those initially admit-
ted to a general floor but later transferred to an ICU. IRVS was 
defined as initiation of invasive mechanical ventilation through 
an endotracheal tube or tracheostomy for respiratory failure or 
vasopressor administration for septic shock within 72 hours of 
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admission [39, 40]. In-hospital death was defined as death due 
to any cause during the index hospitalization for CAP.

These outcomes were used to construct a 4-level ordinal scale 
to describe clinical outcomes experienced by patients during 
hospitalization. Patients were classified in mutually exclusive 
categories according to the most severe category that they ful-
filled as follows: (1) general floor care without ICU care, IRVS, 
or death; (2) ICU care without IRVS or death; (3) IRVS without 
death; and (4) death.

Statistical Analyses

The distributions of pGSN concentration were compared across 
the 4-level ordinal outcome scale with the Kruskal-Wallis test. 
Outcome severity was also dichotomized as low severity (cate-
gories 1–2: no IRVS or death) vs high severity (categories 3–4: 
IRVS or death); pGSN concentrations were compared between 
these 2 groups with the Wilcoxon rank sum test.

The study population was divided into quartiles based on 
admission pGSN concentrations. The proportion of patients 
who experienced any of the severe outcomes (ICU care, IRVS, 
and death) was examined across quartiles, with the lowest 
pGSN quartile compared to the other 3 quartiles using the 
χ2 test.

We also evaluated the association of admission pGSN con-
centrations on a continuous scale with the risk of IRVS or death 
(severity categories 3–4). For this analysis, pGSN values were 
modeled with a restricted cubic spline function with 4 knots 
located at the 5th, 35th, 65th, and 95th percentile of pGSN con-
centration in the study population [41]. A  logistic regression 

model was constructed with pGSN splines as the independent 
variable and the composite of IRVS or death as the dependent 
variable. Predicted probabilities from this model were used to 
estimate the risk of IRVS or death according to admission pGSN 
concentration.

We assessed pGSN distribution by pathogen type detected 
(only viral, bacterial ± viral codetection, and none). The pGSN 
concentration in the bacterial group was compared to the con-
centration in the viral group using the Wilcoxon rank sum test.

RESULTS

Among 2481 adults in the EPIC study, 455 participants (18%) 
had an adequate plasma volume for pGSN measurement and 
were included in this study (Figure 1). For the 455 analyzed 
patients, median age was 58 years, 53% were white, and asthma 
and chronic obstructive pulmonary disease were the most com-
mon comorbidities (Table 1). Demographics and comorbidities 
were similar for patients with pGSN measurements and those 
in the EPIC study without adequate banked plasma volume 
for pGSN measurements (Supplementary Table 1). However, 
patients who received ICU care were more likely to have large 
sample volumes collected; consequently, ICU care and IRVS 
were overrepresented in patients undergoing pGSN measure-
ments (Supplementary Table 2).

Clinical Outcomes

Thirteen (2.9%) patients died during hospitalization (se-
verity category 4; Table 2). An additional 55 (12.1%) patients 
had IRVS without death (severity category 3), resulting in 68 

3,634 eligible for enrollment

2,488 (68%) initially enrolled

2,481 (99%) EPIC study population 

455 (18%) pGSN measured 
(population for current analysis)

Category 4: 
Death 

13 (3%)

Category 1: 
General Floor Care

242 (53%)

Category 3: 
IRVS

55 (12%)

1,146 (32%) eligible, not enrolled
795 (69%) declined participation
152 (13%) not approached
199 (17%) not able to consent

7 (0.3%) excluded due to withdrawal 
of consent

2,026 (82%) excluded due to pGSN
not measured 

Category 2: 
ICU Care
145 (32%)

Clinical Outcome Severity Category

Figure 1.  Flow diagram of patient inclusion in the nested analysis.
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(14.9%) patients with the composite severe outcome of death 
or IRVS (severity categories 3–4). ICU care without death or 
IRVS occurred in 145 (31.9%) patients (severity category 2). 
The remaining 242 (53.2%) patients were admitted to a hospital 
floor and did not experience death, IRVS, or ICU care (severity 
category 1).

pGSN concentrations

Median pGSN concentration at hospital admission in the study 
population was 38.1 μg/mL (IQR, 32.1–45.7 μg/mL), with a full 

range from 9.9 to 93.4 μg/mL (Supplementary Figure 1). Using 
the 4-level outcomes scale, patients in more severe outcome cat-
egories had lower pGSN concentrations (P = .0001; Figure 2). 
Similarly, after dichotomizing patient outcomes, patients who 
experienced IRVS or death (severity categories 3–4) had lower 
pGSN concentrations than those without IRVS or death (sever-
ity categories 1–2; median 34.8 vs 39.3 μg/mL; P = .0013). pGSN 
concentrations stratified by pneumonia severity categories at 
hospital presentation as defined by several clinical scoring sys-
tems are displayed in Supplementary Figures 2–7.

Severe Hospital Outcomes According to Admission pGSN Concentration

Compared to patients with pGSN concentration in the upper 3 
quartiles for the study population, patients with pGSN concen-
tration in the lowest quartile (pGSN ≤ 32.1 μg/mL) were more 
likely to experience each of the severe clinical outcomes, includ-
ing death, IRVS, and ICU care (Table 3).

When pGSN was evaluated on a continuous scale, the risk 
of death or IRVS was highest at very low pGSN concentrations, 
with declining risk as pGSN increased through the lowest quar-
tile of pGSN values and a plateau of risk for patients with pGSN 
higher than the lowest quartile (Figure 3). For example, the 
risk of death or IRVS was estimated at 0.72 (95% confidence 
interval [CI], .64–.95) for patients with a pGSN concentration 
of 10.0 μg/mL and at 0.14 (95% CI, .10–.20) for patients with a 
pGSN concentration of 32.1 μg/mL. The estimated risk of death 
or IRVS ranged from 0.07 to 0.13 for patients with pGSN con-
centrations greater than 32.1 μg/mL.

Admission pGSN Concentration by Pathogen Type

A total of 134 (29.5%) patients were classified as having viral 
pneumonia based on detection of a viral pathogen without 
codetection of a bacterial pathogen. A  total of 66 (14.5%) 
patients were classified in the bacterial group, including 17 
with codetection of bacterial and viral pathogens, 2 with myco-
bacteria, and 1 with Pneumocystis. The remaining 255 (56.0%) 
patients did not have a pathogen detected despite extensive 
investigation (Figure 4).

Prevalence of a bacterial pathogen was 25.7% for patients in 
the lowest quartile of pGSN concentration compared to 10.8% 
for patients in the higher 3 quartiles of pGSN concentration 
(P = .0001; Table 3).

Table 2.  Ordinal Scale to Describe Clinical Outcome Severity Among Adults Hospitalized With Community-acquired Pneumonia 

Severity Category Description of Outcomes
n (%)

in Each Category
Cumulative n (%) in Each Category Plus  

More Severe Categories

4 Death 13 (2.9) 13 (2.9)

3 Invasive respiratory or vasopressor support 55 (12.1) 68 (14.9)

2 Intensive care unit care 145 (31.9) 213 (46.8)

1 General hospital floor care only 242 (53.2) 455 (100)

Outcomes were ascertained during the hospitalization for community-acquired pneumonia, with censoring at the time of hospital discharge.

Table 1.  Baseline Patient Characteristics

Characteristic

Adults Hospitalized With 
Community-acquired 
Pneumonia and Plasma 
Gelsolin Results (n = 455)

Age, median years (interquartile range) 58 (47, 70)

Female sex, n (%) 231 (50.8)

Race and ethnicity, n (%)  

  Non-Hispanic white 241 (53.0)

  Non-Hispanic black 157 (34.5)

  Hispanic 37 (8.1)

  Other 20 (4.4)

Age groups, years, n (%)  

  18–44 101 (22.2)

  45–64 202 (44.4)

  65–79 92 (20.2)

  ≥80 60 (13.2)

Chronic medical conditions, n (%)  

  Current smoker 131 (28.8)

  Asthma 119 (26.2)

  Chronic obstructive lung disease 117 (25.7)

  Diabetes mellitus 111 (24.4)

  Immunosuppression 100 (22.0)

  Cancer 96 (21.1)

  Chronic heart failure 81 (17.8)

  Chronic kidney disease 76 (16.7)

  Chronic liver disease 26 (5.7)

  Human immunodeficiency virus infection 10 (2.2)

Pneumonia severity index risk class [38]  

  I 81 (17.8)

  II 103 (22.6)

  III 89 (19.6)

  IV 128 (28.1)

  V 54 (11.9)

Antibiotics before hospital presentation 97 (21.3)
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DISCUSSION

In this observational study of adults hospitalized for CAP, low 
circulating pGSN concentration at hospital admission was asso-
ciated with higher risk of severe, short-term clinical outcomes. 
In this study of 455 patients, those with pGSN concentration in 
the lowest quartile for the study population had approximately 
9 times higher risk of death, 2 times higher risk of septic shock 
requiring vasopressors, and 2 times higher risk of respiratory 
failure requiring invasive mechanical ventilation compared 
to patients with higher pGSN. Lower pGSN also appeared to 
be more common in bacterial pneumonia than in pneumonia 
without a bacterial pathogen detected.

Recombinant human pGSN has been proposed as a potential 
adjunctive therapy for severe infections [7, 8, 14, 36, 37]. The 
current study demonstrates that admission pGSN concentra-
tions vary widely in adults hospitalized with CAP, adverse clini-
cal outcomes are common in this population, and patients with 
the lowest pGSN concentrations are at the highest risk for these 
adverse outcomes. These data suggest that adults hospitalized 
with CAP, especially those with low circulating pGSN concen-
trations, constitute an important patient population to consider 
for future trials to evaluate the potential therapeutic effects of 
recombinant human pGSN supplementation.

The current study adds to the growing literature on pGSN, 
including its depletion in severe acute infections. Cellular in-
jury, such as that caused by severe infection, releases actin from 
the intracellular compartment into the surrounding tissue, 

n 242 145 55 13

median 40.3 36.7 36.5 25.7

IQR 34.6, 46.8 30.6, 44.6 28.9, 46.9 21.1, 30.7
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Figure 2.  Box plot of plasma gelsolin concentration by the following 4-category 
ordinal scale of clinical outcome severity: general hospital floor care only, intensive 
care unit care, IRVS, and in-hospital death. The central horizontal line of each box 
plot represents the median, with the box denoting the interquartile range (IQR), 
the whiskers representing 1.5 times the IQR, and dots showing outliers beyond the 
whiskers. Abbreviations: ICU, intensive care unit; IQR, interquartile range; IRVS, 
invasive respiratory or vasopressor support; pGSN, plasma gelsolin.

Table 3.  Number and Percentage of Patients Who Experienced Severe Clinical Outcomes, by Plasma Gelsolin Quartiles

Outcome

Plasma Gelsolin Quartile
(n [Column %])

P Value
(Quartile 1 vs 
Quartiles 2–4)

Quartile 1
(≤32.1 μg/mL)

Quartile 2
(32.2–38.1 μg/mL)

Quartile 3
(38.2–45.7 μg/mL)

Quartile 4
(≥45.8 μg/mL)

Quartiles 2–4
(≥32.2 μg/mL)

(n = 113) (n = 114) (n = 114) (n = 114) (n = 342)

Outcome severity category

  Category 4 (death) 10 (8.8) 0 3 (2.6) 0 3 (0.9) <.0001

  Category 3 (IRVS) or category 4 (death) 28 (24.8) 12 (10.5) 14 (12.3) 14 (12.3) 40 (11.7) .0007

  Category 2 (ICU), category 3 (IRVS), 
or category 4 (death)

73 (64.6) 50 (43.9) 46 (40.4) 44 (38.6) 140 (40.9) <.0001

Discrete outcomes       

  IRVS 24 (21.2) 12 (10.5) 14 (12.3) 14 (12.3) 40 (11.7) .0114

  Invasive respiratory support 19 (16.8) 11 (9.6) 9 (7.9) 10 (8.8) 30 (8.8) .0168

  Vasopressor support 16 (14.2) 5 (4.4) 7 (6.1) 9 (7.9) 21 (6.1) .0069

  ICU care 72 (63.7) 50 (43.9) 46 (40.4) 44 (38.6) 140 (40.9) <.0001

  Bacterial pathogen detected 29 (25.7) 13 (11.4) 16 (14.0) 8 (7.0) 37 (10.8) .0001

Abbreviations: ICU, intensive care unit; IRVS, invasive respiratory or vasopressor support.
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resulting in an inflammatory response [7, 8, 12]. Prior studies 
have demonstrated that pGSN binds and degrades extracellular 
actin as part of the “extracellular actin scavenger system” and 
augments the antimicrobial activity of resident macrophages, 
enhancing local uptake and killing of pathogens [7, 8, 13, 17]. 
Additionally, pGSN remaining in the circulation unbound to 
actin dampens systemic inflammation by binding proinflam-
matory mediators, such as platelet-activating factor, fibronec-
tin, fibrin peptides, and lysophosphatidic acid [13–17]. With 
larger cellular insults, more actin is exposed at the site of injury, 
resulting in more pGSN binding to actin locally and depletion 
of pGSN in the circulation. Lower levels of circulating pGSN 
hamper the host’s ability to limit systemic inflammation [8]. 
Thus, low concentrations of circulating pGSN may contribute 
to uncontrolled systemic inflammation.

Consistent with this paradigm, prior human observational 
studies have demonstrated an association between low circu-
lating pGSN concentration and increased risk for severe out-
comes in several acute inflammatory illnesses, including sepsis, 
major trauma, burns, and acute lung and liver injury [11, 22–25,  
29–32]. The current study demonstrates a similar pattern in 
CAP. It is not known whether repletion of pGSN in patients 
with low circulating pGSN concentrations improves clinical 
outcomes, and this will be the focus of future trials. In animal 
models of severe infection, pGSN repletion does appear to have 
potential therapeutic benefit [14, 36, 37]. For example, in a 
murine model of highly lethal pneumococcal pneumonia, the 
administration of recombinant human (rhu)-pGSN improved 
survival even in the absence of antibiotic therapy [37]. In future 
human trials, low pGSN concentration may be used to enrich 
study populations for high-risk patients who have pathophysi-
ology well suited for testing the potential therapeutic effects of 
pGSN infusion.

The strengths of our study included its multicenter design, a 
consistent case definition for CAP including radiographic con-
firmation, consistent methods for ascertaining outcomes and 
obtaining archival plasma samples that were used at all sites and 
developed a priori, and systematic protocol-driven pathogen 
testing.

Our study also had limitations. First, the study population was 
a convenience sample of patients enrolled in the parent EPIC 
study [3] with residual banked plasma specimens for pGSN test-
ing. Second, pGSN was only measured in specimens collected at 
hospital admission; therefore, changes in pGSN during clinical 
deterioration and recovery after admission could not be assessed. 
Third, while a substantial number of pneumonia-associated deaths 
occur after hospital discharge [1], only in-hospital outcomes were 
assessed in this study. Fourth, because the EPIC study had lower 
in-hospital mortality than some other recent CAP studies [1], 
results of this study may not be directly generalizable to CAP pop-
ulations with higher mortality. Fifth, pGSN concentration is tech-
nically difficult to measure and different assays can lead to variable 
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results [35]. For all patients in this study, we consistently used the 
same immunoassay and laboratory techniques at a central labo-
ratory with expertise in pGSN measurement. Last, we evaluated 
the bivariate association of pGSN and clinical outcomes without 
adjustment for other potential predictors because we are not pro-
posing pGSN as a biomarker for use in clinical medicine. Rather, 
our data support the exploration of pGSN concentration as a bio-
marker for prognostic and predictive enrichment in future trials to 
evaluate recombinant pGSN as a therapeutic agent.

In conclusion, adults hospitalized with CAP who have low 
endogenous circulating pGSN levels are at increased risk for 
severe short-term outcomes, including respiratory failure, 
shock, and death. These findings suggest a potential role of 
pGSN depletion in the pathophysiology of severe CAP and 
highlight that adults hospitalized with CAP and low endoge-
nous pGSN may be an important population to target in future 
trials to evaluate recombinant human pGSN as a therapeutic. 
Additional work is needed to understand changes in pGSN con-
centration during the course of severe infection and in response 
to infection by specific pathogens.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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